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( $\mathrm{A}\mathrm{p}\mathrm{p}\mathrm{e}\mathrm{r}\mathrm{l}\mathrm{d}\mathrm{i}_{\mathrm{X}}$ A )
$\alpha[\mathrm{r}\mathrm{a}\mathrm{d}]$ , $g[\mathrm{m}/\mathrm{s}^{2}]$ , $\rho[\mathrm{k}\mathrm{g}/\mathrm{m}^{3}]$ , $\nu[\mathrm{m}^{-}’/\mathrm{s}]$ , $T[\mathrm{N}/\mathrm{m}]$




$u=u \hat{x}=U_{0}[\frac{2z}{h_{0}}-(\frac{z}{h_{0}})^{2}]\hat{x}$ , $U_{0}= \frac{h_{0}^{2}g\sin\alpha}{2\nu}$ (1)
Uo $h_{0}^{2}$ Reynolds $R=h_{0}U\mathrm{o}/\nu=[g\sin\alpha/(2\nu^{2})]h_{0}3$
$h_{0}^{3}$ h $h$ Reynolds
993 1997 150-160 150
$R_{1\mathrm{o}\mathrm{C}\mathrm{a}1}=R(h/h\mathrm{o})3$ Weber $W=[T/(\rho g\sin\alpha)]h_{0}^{-2}$
$R,$ $K$, \alpha
13
$R>R_{c}=(5/4)\cot$ \alpha – $k_{c}=k_{c}(R)$
k
$k_{c}\propto h_{0}^{-1}\sqrt{\frac{R-R_{c}}{W+C(R)}}$ (2)






$\partial_{t}h+\partial_{x}[\frac{2}{3}h^{3}+(\frac{8}{15}Rh6-\frac{2}{3}\cot\alpha\cdot h3)\partial_{x}h+\frac{2}{3}Wh3\partial 3h]x=0$ (3)
( Appendix $\mathrm{B}$ ) $\circ$ (3) Benney-Gjevik
Pumir [6] Benney-Gjevik (3) Reynolds R 10
$R/R_{c}\text{ _{}2}$ Weber $W$ (3)




$R_{1\mathrm{o}\mathrm{c}\mathrm{a}}1$ ( $R$) $R_{1\mathrm{o}\mathrm{c}\mathrm{a}}1$ h( )
Benney-Gjevik (3)





( – ) Reynolds







(1) \Re \mbox{\boldmath $\sigma$}( $k>0.3$ (
(18) ) \Re \mbox{\boldmath $\sigma$} ill-posed 6
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$[1+\hat{L}_{1}+\cdots]Q=$ [ $h,\partial xh,\ldots$ ] (5)
( $\text{ _{ }\hat{L}}1\sim O(\mu)$ ) $\partial_{t}h$ $+\partial_{x}Q$
Benney-Gjevik (3) (52) $Q=$ [$h,$ $\partial_{x}h,$ $\ldots$ ] (5)





$[\partial_{t}+u\cdot\nabla]u=-\rho^{-1}\partial xp+g_{x}+\triangle u$ (6)
$\int_{0}^{h}$
[ (6) ] $=\partial_{t}Q+\partial_{x}A$ (7)
$Q= \int_{0}^{h}udz,$ $A= \int_{0}^{h}u^{2}dz$
[ (6) ] $=\rho^{-1}$ [-\partial xP+(\partial xh)psurf]+gxh+[ ]+[ ] (8)
$P= \int_{0}^{h}Pd_{Z}$ , [ ] $= \int_{0}^{h}\nu\partial^{2}udZz\simeq-\partial_{\sim},u|z=0$ , [\iota ‘- ] $= \int_{0}^{h}\nu\partial 2uxd_{Z\simeq\nu}\partial^{2}Qx+\cdots$ (9)
( )
( )
$u$ $P$ z (
Appendix $\mathrm{B}$ )
$u=Q\cdot[_{\overline{h}^{T^{Z}}2h}^{3}-3=Z^{2}]+u_{12}^{*}+u^{*}+\cdots$ ,
$u_{1}^{*}= \mu\{u_{1}-[_{\overline{h}}^{3}?^{Z}-\frac{3}{2h}TZ^{2}]\int_{0}hu1dz\}=(gx2/\nu^{3})\cdot[-\frac{h^{4}}{15}z+\frac{h^{3}}{5}z^{2}-\frac{h^{2}}{6}Z+\frac{h}{24}z^{4}]3\partial x’ h$ ,
$u_{2}^{*}= \mu^{2}\{u_{2}-[_{\overline{h}^{T^{Z}}2h}^{3}-3=Z^{2}]\int 0\}hu_{2}dz=\cdots$ ,




$\partial_{t}Q+\frac{6}{5}\partial_{x}[\frac{Q^{2}}{h}]=-g\cos\alpha\cdot h\partial xh+\frac{T}{\rho}h\partial_{x}^{3}h+g\sin\alpha\cdot h-\frac{3\nu Q}{h^{2}}+\frac{(g\sin\alpha)2h^{4}}{\mathrm{l}\cdot 5\nu^{2}}\partial xh+o(\mu^{2})$ (10)
( 1 )
(10) $Q$ $\partial_{t}Q$ (32)
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$\mathrm{j}\underline{\mathrm{K}\mathrm{J}}$ : $\neg l\mathrm{R}_{\text{ }}$ $;PrJ|^{\wedge}\mathrm{L}\mathfrak{B}$
$-g\cos\alpha\cdot h\partial_{x}h$ :
$(T/\rho)h\partial_{x}^{3}h$ :
$g\sin\alpha\cdot h$ : ( )
$(3\nu Q/h^{2})$ :
$\underline{(g\mathrm{s}\mathrm{i}}\mathrm{n}\alpha Rh^{4}\partial x)^{2}h+O(\mu^{2})$ :






Table 1: (10) (14)
(10) $O(\mu)$
$Q= \frac{g_{\mathrm{S}\mathrm{l}}\mathrm{n}\alpha}{3\nu}\cdot h^{3}+O(\mu)$ (11)
$\partial_{t}h+\partial_{x}Q=0$
$[\partial_{t}+^{\underline{g\alpha}}\cdot h2\partial_{x}\mathrm{S}\mathrm{O}-]h\simeq 0$ (12)
1 (11) (12)




$Q- \frac{2g\sin\alpha}{5\nu^{2}}h^{4}\partial_{x}Q=\frac{g\sin\alpha}{3\nu}[h^{33}-\cot\alpha\cdot h\partial_{x}h-\frac{4g\sin\alpha}{5\nu^{2}}h^{6]}\partial_{x}h+\frac{T}{3\rho\nu}h^{3}\partial_{x}^{3}h$ (14)
( ) (3)
$\partial_{t}h+\partial_{x}Q=0$ , $Q- \frac{4}{5}Rh^{4}\partial_{x}Q=\frac{2}{3}[h3-\cot\alpha\cdot h3\partial_{x}h-\frac{8}{5}Rh^{6}\partial_{x}h+Wh^{3}\partial_{x}^{3}h]$ (15)




(15) $h=h_{0}(1+\eta),$ $|\eta|\ll 1$
$\partial_{\tau}\eta+a_{0}(1+2\eta)\partial_{\xi\eta}-\partial_{\xi(\partial_{\tau}}+\partial_{\xi})\eta+W\partial_{\xi}^{4}\eta=0$ (16)
Kuramoto-Sivashinsky (4) \partial \xi \partial T\eta
(15) $\partial_{\tau}=-C\partial_{\zeta},$ $\partial_{\xi}=\partial_{\zeta}$
$-c\eta+a_{0}(\eta+\eta 2)-(1-c)\partial_{\zeta}\eta+W\partial_{\zeta}3=\eta 0$ (17)




$\eta=\eta \mathit{0}+\epsilon e^{ik\tau}\epsilon+\sigma(\epsilon\ll|\eta \mathit{0}|\ll 1)$ (16)
$\sigma=\frac{-a\mathit{0}(1+2\eta 0)ik-k^{2}-Wk4}{1-ik}$ (18)
\Re \mbox{\boldmath $\sigma$} \eta o (16) Kuramoti-Sivashinsky
Reynolds
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(14) $\partial_{t}h$ $+\partial_{x}Q=0$ $Q$ $h$











$u_{D}$ ( )\sim $g\sin\alpha$
$\sim u_{D}\cdot\nu/h^{2}$
$u_{D} \sim\frac{g_{\mathrm{S}1}\mathrm{n}\alpha}{\nu}\cdot h^{2}$ (21)
$\partial_{t}Q=-g\cos\alpha\cdot h\partial xh$ , $\partial_{t}h+\partial_{x}Q=0$ (22)
2
Boussinesq ( )







Figure 2: $h_{0}=0.2\mathrm{m}\mathrm{m}$ $10\mathrm{H}\mathrm{z}$ $12\mathrm{H}\mathrm{z}$
( $R\sim u_{D}h/\nu$ ) $R$ $\cot\alpha$ $C_{D}>cc$
Reynolds
Whitham
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Figure 3: $1.05\mathrm{n}\mathrm{l}\mathrm{m}\circ$ $2\mathrm{H}\mathrm{z}$ 2. $4\mathrm{H}\mathrm{z}$































$z=h$ ($x$ , t) $z=0$
$0<z<h$
$\rho\partial_{t}u+\mathrm{d}\mathrm{i}\mathrm{v}[\rho uu-\taurightarrow]=\rho g$ (26)
$\mathrm{d}\mathrm{i}\mathrm{v}u=0$ (27)
$g$







$rightarrow\tau|_{z=h}\cdot n=[-p_{\mathrm{a}\mathrm{t}\mathrm{m}}+T\cdot\frac{\partial_{x}^{2}h}{[1+(\partial_{x}h)^{2}]^{3}/2}]n$ , (31)









$\partial_{x}=\mu\partial_{x_{1}}$ , $\partial_{t}=\ell\iota\partial_{t_{1}}+\mu^{2}\partial_{t_{2}}+\cdots$ ,

















$Q_{0}= \int_{0}^{h}u_{0}dz=\frac{2}{3}Uh$ , (38)
$\partial_{t_{1}}h=-\partial_{x_{1}}Q_{0}=-2[T\partial_{x_{1}}h$ (39)
(26) \mu 1









$k$ $\sim h^{-1}\sqrt{\frac{R-R_{c}}{\mathrm{T}V}}$ (47)
R–Rc $O(1)$
$\mu^{2}W\sim O(1)$ ( $W$









$u_{3}= \frac{T}{\rho\nu}[hz-,]\underline{z^{2}}-\partial_{x_{1}}^{3}h$ , (50)
$Q_{3}= \frac{T}{3\rho v}h^{3}\partial_{x_{1}}^{3}h$ (51)
$Q$ $=\cdot Q_{0}+\mu[Q_{1}+\mu^{2}Q_{3}]+O(\mu^{2})$
$\simeq$ $Uh[ \frac{2}{3}+(\frac{8}{15}\frac{Uh}{\nu}-\frac{2}{3}\cot\alpha)]+\frac{T}{3\rho\nu}h^{3}\partial_{x_{1}}^{3}h$ (52)
(32) $h$ $U=[g_{x}/(2v)]h^{2}$ , $\partial_{x}=\mu\partial_{x_{1}}$









$A,$ $B,$ $C,$ $D,$ $E$ E $.\text{ }$
$h^{(+)}=h(t+\Delta t)$
$\frac{1}{\Delta t}[h^{(+)}-h-5A\partial_{x}(h^{4}h^{(}+)-h^{5})]+B\partial_{x}(h^{2}h^{(+)})-\partial_{x}^{2}[(Ch^{3}+Dh^{6})h(+)]+E\partial_{x}[h^{3}\partial_{x}3h(+)]=0$ (54)














\Delta t 1 2
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